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PRESSURE LOADS AND AERODYNAMIC FORCE 
INFORMATION FOR THE -89A SPACE SHUTTLE 


ORBITER CONFIGURATION 


By 
R. C. Mennell, Rockwell International 


SUMMARY 


Experimental aerodynamic investigations were conducted at the Rock- 
well Tnternational Low Speed Wind Tunnel (NAAL) during February 1973, on 
an 0.0405 scale representation of the Rockwell -89A Light Weight Space 
Shuttle Orbiter. 


The test purpose was to obtain pressure loads data in the presence 
of the ground for orbiter structural strength analysis. Aerodynamic 
force data was also recorded to allow correlation with all pressure loads 
information. 


Angles of.attack from -3° to 18° and angles of sideslip of 0°, £5°, 
ana t10° were tested in the presence of the NAAL ground plane. The 
model support clearance hole was maintained to the smallest allowable 
dimension to permit the execution of the aforementioned test regimes. 
Static pressure "bugs" were used to obtain 4 pressure loads survey of the 
basic configuration, elevon deflections of 5°, 10°, 15°, and -20° and. e 
rudder deflection of -15°, at a tunnel dynamic pressure of 40 psi. 


The test procedure was to locate a maximum of 30 static pressure 
"bugs" on the model surface at various locations calculated to prevent 
eerodynamic and physical interference. Then by various combinations 
(per table IV) of locations the pressure "bugs" output was to define a 
complete pressure survey for the fuselage, wing, vertical tail, and main 
lending gear door. 


Tabulated force and pressure source data 1s presented 4s Volume II 
of this document. 
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INDE: TO DATA FIGURES (CONCLUDED) 


SCHEDULE OF COEFFICIENTS PLOTTED: 
Ae CL, CN, CIM, L/DF, CUP, CAP, CAB, XCT/L va. ALHA 
CL vs. CDF and CIM 


B. CY, CBL, CYN vc. ALPHA 
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PHI 
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BREF 


LREY 


SREF 
MRP 
XMRP 
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Tempered 


DEFINITION 

ppeed al cuund; m/see, Ptfare 
pressure Polvo tents (rs - to)/? 
Mooh number; V/n 

preucure 5 N/m, pot 


”~ 


dynamic pressure; L/ceV, N/m, pet 


unit Reynolds numt>r; per m, per ft 
velocity; m/sec, tt/sec 
ungle of attack, degrees 
sn@le of sideslip, degrees 
angle of yuw, degrees 
ciple ool TOLL, “deprees 
mais density; ka/m. oN aad 
Reference & C.G. Definitions 
base uret¢ mo, fo: 
wing spun or reference spen; m, ft 
center of gravit: 


reference length or wing meen 
aerodynamic chord; m, page 


wing ares or reference grea; mé, ft= 
moment reference point 

moment reference point on X axis 
moment reference point on Y axis 


moment reference point on 2 axis 
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Cy 


C Ab 


Che 


Cf 


XCP/LB 


SADSAC 


SYMBOL 


CAB 


CAF 


CBL 


XCP/L 


CL 
CD 
CDB 


CDF 


CoM 


CLN 


CSL 


./DF 


NOMENCLATURE (Continued ) 
Body-Axis System 


DEFINITION 


normal-force coefficient; we 


axial-force coefficient; axial for es orce 
7 


e 


side force 
qs 


base-force coefficient; ones eee orce 
~Ap(Pp-Pw)/a8 
forebody axial. force coefficient, Cy, - C Ap 


pitching-moment coefficient; eB moment 
WlRep 


yawing-moment coefficient; vowing pone 


rolling-moment coefficient; rolling moment 


side-force coefficient; 


center of pressure location, percent of body length 


Stabillity-Axis system 
lift coefficient; oe 


drag coefficient; ae 


base-drag coefficient; eae ne 


forebody drag coefficient; Cp - Cp, 


side-force coe?ficient; side for: force 


pitching-moment coefficient; pases moment 
WP REF 


yawing-moment coefficient; vowing popens 


rolling-moment coefficient; Toe monent 
Q 


Lift to drag ratio; C,/Cp, 
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SYMBOL 


x/eg 


SADSAC 


RUDDER 


RUDFLR 


SADSAC 
SYMBOL 


x/L 


PHI 


Y/B 


x/c 


NOMENCHATURE (CONTINUED) 


Surface Definitions 


DEFINITION 


elevon, surface deflection angle, positive deflec- 
tion, trailing edge down; degrees 


body flap, surface deflection angle, positive 
deflection, trailing edge down; defrees 


rudder, surface deflection angle, positive deflec- 
tion, trailing edge to the left; degrees 


rudder flare, split rudder deflection angle, left 
split rudder trailing edge left and right split 
rudder trailing edge right, éep = (érz, + Srp)/2, 
positive deflection; degrees 


ADDITIONS TO STANDARD NOMENCLATURE 


FOR 
NAAL TEST NO, 699 


DEFINITION 


fuselage local coordinate, longitudinal distance 
from the nose expressed as a fraction of body 
aaa” F.S. - 200 
L = ——aoae F.S. = full scale fuselage 
13¢ station 


fuselage, local coordinate, radial position angle 
measured from the bottom centerline in degrees; 
positive sense is clockwise looking forward. 


wing local coordinate, spanwise distance from model 
centerline expressed as a fraction of wing semi- 
span. 


wing local coordinate, chordwise distance from the 


local leading edge expressed as a fraction of local 
chord. 


12 








ADDITIONS TO NOMENCLATURE (CONCLUDED) 


SADSAC 
SYMBOL SYMBOL DEFINITION 


yn» 2 2,/BV vertical tail local coordinate, vertical distance 
V by from W.L. 500 (full scale) expressed as a fraction 
of the vertical tail height measured from W.L. 500. 


x/ Cy X/cv vertical tail local coordinate, chordwise distance 
from the local leading edge expressed as a fraction 
of local chord. 


x/ho X/LG main landing gear door local coordinate, longitu- 
dinal distance from the leading edge expressed as 
a fraction of door length. 
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25 


x/fo 2Z,/ UG main landing gear door local coordinate, vertical 
distance from the bottom edge expressed as a 
fraction of the door height at the trailing edge 
(see fipure 2a ). 
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MODEL DESCRIPTION 


The model used for this test period was an 0.0405 representation of 
the Rockwell International -89A Light Weight Space Shuttle Orbiter. The 
basic model is of the blended wing-body design utilizing a double delta 
wing (75/45 L.E.); full span, split elevons (unswept hingeline), a center- 
line vertical tail with rudder and/or speed brake capability, and an orbi- 
tal maneuvering system (OMS) mounted on the aft fuselage sidewalls. To 
complete the basic configuration a canopy und manipulavor arm housing 
(MAH) attach to the fuselage upper surface. All model components were 
per the -89A configuration except for the fuselage lines from station 
1307 aft and the OMS pods. The variation due to these non-89A components 
was considered to be insignificant. 


The following nomenclature was used to designate the various model 
components 


Component Description 


Bio ATP fuselage modified fwd. of sta. 1307 to reflect 
-89A lines 


Cs -89A Baseline canopy 
D7 -89A Baseline manipulator arm housing 
E18 Full span split elevon used on wing We7 
Fy Fuselage Big body flap 
GL Gear drors 
Mo Fuselage Bio OMS pods (PRR) 
Re -89A Rudder used on vertical Vs 
V5 -89A Baseline vertical tail 
Wa ~89A Baseline wing (75/45 Azz.) 
14 
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FACILITY DESCRIPTION 


The North American Aerodynamics Laboratory (NAAL) 7.75 x ll- 
Foot Wind Tunnel is a continuous flow, closed circuit, single 
return type tunnel capable of speeds up to 200 miles per hour. 
The test section is vented to atmospheric pressure and is 

775 x 11 feet wide by 12 feet in length. Power is supplied 
by a 1250. horsepower nacelle mounted synchronous motor driving 
a 19 foot, seven blade, laminated birch propeller. The 
airspeed is controlled by varying the degree of coupling 
between the motor and propeller by means of a magnetic clutch. 
A damping screen and honeycomb section in the settling chamber 
upstream from the contraction cone (ratio 7.53 to 1) minimizes 
turbulence in the test section. The NAAL Wind Tunnel has been 
in operation since June 1943 and calibrations are available 
over a wide range of test conditions. 


Tests may be conducted using a variety of mounting systems, 
e.g.; a single strut, double strut, sting strut, reflection 
plane, cable suspension, and two dimensional wall. Aero- 
dynamic data may be measured by a planar type external balance 
system or sting mounted internal balances. An Astrodata 
Automatic Data Acquisition System is used to collect, multi- 
plex, digitize, and record 50 channels of force and/or pres- 
sure data on magnetic tape. This data is then rapidly re- 
duced and plotted using automatic data processing equipment 


and an automatic digital plotter. 
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DATA REDUCTION 


All model force and pressure data was reduced to coefficient 
form in both the body and stability axis systems. Model angle 
of attack and angle of sideslip was corrected for sting and 
balance deflections in addition to the standard facility 
corrections (wall interference, blockage effects, etc.) applied 
as required. 


Axial force (body axes) was corrected for model weight tare 
and base pressure effects prior to the calculation of sta- 
bility axes data. The axial force corrections were applied 
in the following manner: 


CAR = CA - CApc - CAp - CAT 











a. 4 where 

wg PBC-Po, ABC 

a CAgc = -(———) (¢—) 

q W 

=I and . 

“ety - A wm 

= PB-Po. AB P 
CAB = -(—2-*) (S) » PB 1/5 (PB1 + PB2 * ++ *PBS) 

and 


CAT = Model axial force weight tare 


Center of pressure location was computed in percent of body 
length as indicated below: 





Cm ¢ 
XCP/LB. = (c.s. (in. aft of nose) - a “ns 


All model pressure measurements recorded were reduced to 
coefficient form in the following manner: 


Pi1+i-Po 


q ) , i = number of pressures 


Cpy + i = ( 
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DATA REDUCTION - Continued 


All aerodynamic data were reduced to coefficient form using. —....-_._- 
the following reference dimensions: 


Definition 
Area of base - ft2 
Area of balance cavity-ft2 
Span wing, in 
MAC wing, in 


Reference C.G., in. aft of nose 
,» fus. sta. 


Reference C.G., waterplane 
Length model body, in. 


Area wing, £t2 
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Model Scale Full Scale 


Value 


0.51959 
0.13635 
37.935 936.68 
19.300 474.81 


35.4974 876.48 
43.5974 1076.48 


16.2000 400.00. 
53.7840 1328.00 


4.412 2690.00 
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TEST CONDITIONS 






ACH NUMBER REYNOLDS NUMBER DYNAMIC PRESSURE AGNATION TEMPERATUREL 
(per unit length) (pounds/sq. inch) (degrees Fahrenheit) 


1.15 x 10°/rt 











0165 ho#/in® 90 - 120°F 





A. 
‘ 
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a® 
q 
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BALANCE UTILIZED: _MK IX - ©.5> INCH 

















CAPACITY: ACCURACY: TOLERANCE: 
Og = 
ie 200# + 25% 
PM 
RM 4ooo in# + .25 ae oe ee 
YM OST I E) 
{ 
COMMENTS: , 
) | 
) 
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TABLE IIT. 
MODEL, COMPONENT DESCRIPTION 


MODEL. COMPONENT: .... BODY. -..470 





GENERAL DESCRIPTION: FVSELMGE LIES FER VLI0 - 000073. 
57.0 1. KAdis NOSE. 

















SME (Node =.040S 
YV.72 + 000087 
DRAWING NUMBER: Y¥4A.70- QUOOF, 3 
DIMENSIONS : FULL-SCALE MODEL SCALE 
Length ~/. 13283 3O S53. 
Max. Width~ #/ 2/0, 00 8.748 
Max. Depth~ /A/, 439. 00 9.480 
Fineness Ratio SFIS SAIS” 
Area ~ fr . 
Max. Cross-Sectional 3/9. 56 O-S. 
Planform 
Wetted 


Base 











TABLE III. (CONTINUED) 
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DRAWING NUMBER: YLIO ~ Q00OP2. 





DIMENSIONS: FULL-SCALE MODEL SCALE 
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TABLE III. (CONTINUED) 


MODEL COMPONENT ; - Vpn PULATOKR fem Hous “aly 2 7 


GENERAL DESCRIPTION: AMAA KA wEes Fre Lwes V470- OOOONS 








Sones [Monies ,0YOS 











DRAWING NUMBER: Vl.70 -OU0O7. 3 
DIMENSIONS: FULL-SCALE MODEL SCALE 
ros Length ow. 43/00 35.68) 
Max. Width~/WW, 57, SO 2. 066 
Max. Depth /v, 22.00 ©. 8/O 
Laie» 7 


Fineness Ratio 








Area 
Max. Cross-Sectional 
Planform 


Wetted 
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Base 
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TABLE ITI. (CONTINUED ) 


MODEL COMPONENT: - Cearal [VANVE VE RIAIY Srorem -/Ne2. 


GENERAL DESCRIPTION: QRENAL INANUE RVEKIIIG 5S 957ém KOCATED 
ON FUSELAGE S/o, Hight SHOU KATIOAI: 





Sige Mobil = + O¢¥OS 





DRAWING NUMBER: 





DIMENSIONS; 





Length ~ A. 

Max. Width v/a, 

Max. Depth~ ww, 

Fineness Ratio. 
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Max. Cross-Sectional 
Planform 
Wetted 
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TABLE IIL. (CONTINUED) 





_ 
| MODEL COMPONENT: G-1 Gear Doors 

GENERAL DESCRIPTION: Configuration consist of two (2) nose gear 

doors and one (1) main gear door. Gear fully extended. Ref. 

sketch 1 and 2. 

Seale Model = 6.0405 Doors in full open position. 
7 TEST ; 
: DRAWING NUMBER: SSA-00007 
= DIMENSIONS: FULL-SCALE MODEL SCALE 
= : 
4 A Length 
. Max. Width 
=t 7 ; Max. Depth 
5 aa C Fineness Ratio 

Area 


Max. Cross-Sectional 
Planform 


Wetted 


ie 
TE) WTF 


Base 
Ref. Point: Top right hand corner 
Door (A) WL -4.595 in NS: -113.457 in.FS 
Nose MS = 13.786: 339.950 in. FS 
Door (8B) WL -4.56 in. MS: -112.592 in. FS 
MS = 11.836 in. MS: 292.247 in. FS 
Main Door WL -5.546 in. $:-136.938 in. FS 3 
NS = 48.177 in. MS: 1189.550 in. FS 
Frontal Area AcB = .16 x .72 = .1152 in? MS 
70.2431 in? Fa . | 
Frontai Area of Main = .16 x 2.31 * 0.3696 in. .MS ) 
225.36585 in2 FS | 
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MODEL COMPONENT: Nv : ‘ 
GENERAL DESCRIPTION: — 894 Caurravenrind doug DELTA Wy, 
MaKe Micdk«.* .OYOS: 
DRAWING NUMBER: YA.TO~ 000073 
DIMENSIONS: FULL-SCALE MODEL SCALE 
TOTAL DATA 
hrea- f7* (RF) 
A anform 2687, 38 A/S 
ette 
Span (equivalent) - AF 77-17 wri 
iol ot aaa oe ne 7 7° 
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ip of .25 MAC- ‘ LL (2. 
«L. of .25 MAC 191,083 - 
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MODEL COMPONENT: 4zeVOU £78 
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TABLE III. (CONTINUED) 
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“% SCALE Moot. = OYOS 
DRAWING NUMBER: VA.TO > OF OOS 


~) DIMENSIONS: FULL-SCALE MODEL SCALE 








TOTAL DATA 
Area - £7* ; 386-05" Oo. 433 
Vb (ane luded abcue) £377 O- O22 
Wetted ene ant ): ; De 
Span (equivalent) —f/ 
Aspect Ratio SPO f+ 59O 
Rate of Taper Oo. S507 Qs 
Taper Ratio O.F2& O.F2G 
Diehedral Angle, degrees — es 
Incidence Angle, degrees _ sons 
Aerodynami : Twist, degrees 5 aie 
Toe-In Angle Yo, Cle 
Cant Angle DO ’ 
1 Sweep Back Angles, degrees s 
‘ Leading Edge $e: OOO fo > 2; 
ei | Trailing Edge ; ; 
0.25 Element Line ; 
Chords := ™ 
Root pha Sta. 0.0) 
Tip, (equivalent) 
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MODEL COMPONENT: _Aadeee KS 
GENERAL DESCRIPTION: “OVA (ene 1guica TK RvadeR. Vstd OW 


Mecritvie Tait 





Le Z 2+0 


DRAWING NUMBER: 








Y<4IO-O00OIS 








DIMENSIONS : FULL-SCALE MODEL SCALE 
Area~f7? 98.07 3-F9G 
Span (equivalent)~/. 201 00 I} 
Inb'd équivalent chord ~/w, WU SF 3,70 
Qutb'd equivalent chord SD $33 Lr 0S7 
Ratio movable surface chord/ 

total surface chord 
At Inb'd equiv. chord Or $20 01400 _ 
At Outb'd equiv. chord 0. FOO 0:40 
Sweep Back Angles, degrees 
Leading Edge 34,833 3A 833 
Tailing Edge 26.299 (26.299 
Hingeline 34,333 3H B33. 
Area Moment (Normal to hinge line) S26 / ES _ 0.038 
PRoneT of Aca tnd Mean) Cr1eved 
33 








{ABLE IV. PRESSURE TAP LOCATIONS BY SERTES NUMBER - 


SERIES NO. CHANNEL NO. TAP NUMBER TAP LOCATION 





16 eh Fus. Sta. 225, @=0, Left Side 


1) 

| ol 

mM 

NO 
pehehouwodnudéda da 

‘we 


25 6 X/L = .285, Z/h = .20, Gear Door, 1.0. 
26 617 | ¢ Lisle: 
27 618 Z/n = 40, L.0. 
28 619 | Lele 
29 620 Z/h = .60, L.0. 
30 621 X/L = .285, Z/h = .60, Gear Door, LI. 


1 16 20 Fus. Sta. 200, & 
17 al Fus. Sta. 210, 6=9, #Ieft ms 
18 22 = ko, 
19 23 = 180, 
20 604 X/L = .057, Z/h = .20, Gear i L.0. 
21 605 ; Lele 
22 606 Z/n = ko, L.0. 
23 607 y Lele 
eh 608 Z/n = .60, L.0. 
25 609 Lele 
2 16 33 Fus. Sta. 245, 9=0, left Side 
17 34 = 20, 
18 35 = ho, 
19 36 = 5, 
ad 20 37 = 70, 
ae. gf el 38 = 90, 
E . 22 39 = 120, 
ee 23 LO = 150, 
eh Pass x/ ) = 180, 
oe 25 10 L=.171, Z/bh = .20, Gear Door, L.0. 
Eleae -. 26 - 611 , + Et: 
: 27 612 Z/n = ho, L.0. 
| 28 613 v LI. 
: 29 614 Z/n = .60, L.0. 
= 30 615 LI. 
3 
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SERIES NO. 


CHANNEL NO. 


16 
17 
18 
19 
20 
el 
22 


TABLE IV. 





(CONTINUED ) 


TAP LOCATION 
Fus. Sta. 280, #. 


X/L = 456, 2/h 
Z/r 
Z/h 


Fus. Sta. 380, ¢ 


Fus. Sta. 400, ¢ 
Fus. Sta.. 410, 
x/L = .684, Z/h 

Z/n 


Z/n 


Fus. Sta. 430, ¢ 


Fus. Sta. 460, 
X/L = .912, Z/h 


2/n 


Z/n 


=..0, 
= 20, 
= ho, 


oun eh 
~ 
wh 
Oo 
“ 


u 
—_— 
© 

‘e 


m 
ON 
Oo 

~~ 


= 172, 


§ = 157, 


) 
e 
0 
O 
~e 


Left Side 


Gear Door, 


left Side, 


Gear Door, 


Left Side 


L.0. 
Lele 
L.0. 
L.I. 
L.0. 
L.I. 


L.0. 
Lele 
L.0. 
LI. 
L.0. 
Lf. 


Gear Door, L.0. 


LI. 
L.0. 


LI. 
L.0. 
Lol. 





TABLE TV. (CONTINUED ) 


CHANNEL NO.  ‘TAP_NUMBER TAP LOCATION 





16 7h Fus.. Sta...500, 6=0, Left Side 
LT 15 = 20, 
18 76 = ho, 
19 TT = 55, 
20 78 = 70, 
a1 19 = 90, 
22 80 = 120 
23 81 = 150, 
ah 82 = 165, 
25 83 = 180, 
26 600 X/L = 0, z/n = .20, Gear Door, LE. 
16 8h Fus. Sta. 560, $= 0, left Side 
LT 85 = ho, 
i 86 = 70, 
19 87 = 90, 
20 88 = 120, 
2 89 = 150, 
22 90 = 165, 
23 91 = 180 
ok 601. X/L = 0, z/n = .60, Gear.Door, L.E. 
16 92 Fus. Sta. 625, 6 = 0, Left Side + 
17 93 = 40, . 
18 on 2 70, 
19 95 = 90, 
20 96 = 120, 
21 97 = 150, 
22 98 = 165, 
23 99 = 180, 
ah 200 x/c = 0.0, nN = .299, Right Wing, L.E. 
25 602 X/L=1.0, Z/h=.20 Gear Door, I.E. 
16 100 Fus. Sta. 725, #20, left Side 
17 101 = ko, 
18 102 = 70, 
19 103 = 90, 
20 104 = 120, 
21 105 = 150, 
22 106 = 165, 
23 107 = 180, | 
ok 201 x/c 2.094, 1 = .299, Right Wing, Upper 
25 301 | Lower 
26 210 x/c = 0.0, n= .36h LE. 
27 603 x/c =1.0, Z/h = .60, Gear Door, T.E. 
28 636 Vert. Tail Flare Base Pressure 
) 
36 
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n = .299, Right Wing, 


TABLE IV. (CONTINUED) 
SERTES NO. CHANNEL NO. TAP NUMBER ‘TAP LOCATION 
11 16 108 fus.Sta. 880, # = 0, 
17 109 = kO, 
18 110 = 70, 
— 19 lil = 9O, 
20 112 a 120, 
21 113 = 150, 
22 114 = 165, 
23 115 = 180, 
ek 202 X/C = .229, 
25 302 | 
26 211 x/c = .086, N= .364 
27 311 
28 220 x/c = 0.0, n= 427 
29 230 x/C = 0.0, N= .534 
30 250 = .673 
ee 32 270 = ,887 
- 12 16 116 Fus. Sta. 980, ¢ = 0, 
17 117 = ho 
| 18 203 X/C = .362, 
a 19 303 [. 
ey: 20 ele x/C = 2h6, 7] = 364, 
: 21 312 | 
22 221 ¥/C = .081, N= 427, 
23 321 
oh 231 x/c = .05, n= .534, 
25 331 
26 251 H= .673, 
eT 3D 
28 261 H= .780, 
29 361 
30 271 n= .887, 
31 371 
13 16 118 Fus. Sta. 1080, g= 40 , 
17 119 = 70, 
18 120 = 90, 
19 121 = 120, 
20 122 = 150, 
21 123 = 165, 
a2 12h - 9 180, 
23 222 x/C = .177, = 
ah. 322 
25 232 x/C = .15 R= .534 
26 332 | 
oT 252 n= .673 
28 352 
{ 29 262 nN = .780 
| 30 362 | 
32 372 X/C = .15 N= ,887 
37 
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pi ae 


Left Side 


.427, Right Wing, 


299, Right Wing, Upper 


Lower 
Upper 
Lower 
Lee 


Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
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Upper 
Lower 


Upper 
Lower 
Upper 
Tower 
Upper 
Lower 
Upper 
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Upper 


Right Wing, Lower 
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SERIES NO. 
14 
15 
16 


CHANNEL NO. 


TABLE IV. (CONTINUED) 


TAP NUMBER 


125 
126 
127 
128 
129 
20k 
304 
233 
333 
253 
353 
263 
363 
273 
373 


130 
131 
132 
133 
134 
135 
136 
137 
138 
223 
323 
234 
334 
25h 
354 
e7k 
374 


139 
140 
47 
the 
143 
hh 
1k45 
1h6 
205 
305 
2oh 
30h 


TAP LOCATION 


Fus. Sta. 1180, ¢ 


uoeuoid JU 


i 


x/c = OTs 
X/C = .25, N= 
y= 


) = 


Fus. Sta. 1245, 9 


uk euuw &@ aug 


—J 


x/C = ia 


x/c = ho, 


Js 3S SS 
H ib li 


Fus. Sta. 1300, 9 


bun vue vv BY 


x/C 


»70, 
| 


505; 
» 505 


i 


a3 3 


— 
= 


19, 
90, 
120, 
150, 
180, 


| 
en 
— 
- 780 


887 


ho, 
10; 
90, 
105, 
120, 


CANT OD 
wi Ow 
wo060U NOON 


- 
©o 
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Left Side 


Left Side 


427, Right Wing, 


i 
— 


oa 887 


105, 
126, 
135, 
150, 
165, 
6299 


te 
ge 


Left Side 


Right Wing, 


Right Wing 


n= .299, Right Wing, Upper 


Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 


Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 


Upper 
Lower 
Upper 
Lower 





~ TABLE IV. (CONTINUED) . 


SERIES NO. CHANNEL NO. TAP NUMBER TAP LOCATION 


16 Con't. 28 235 x/c = .55, N= .534 Right, Wing Upper 
29 335 Lower 
30 259 N= .673 Upper 
31 359 | Lower 
32 400 x/C = 0.0, n= .079, Vert. Tail, LE. 
33 410 mB 
34 420 = .316 
35 430 = .680 
36 LAO = .8hO 
37 450 = 6925 
17 16 147 Fus. Sta. 1375, 6 = 40, Left Side 

17 148 = 70, 
18 149 = 90, 
19 150 = 105, 
20 151 = 120, 
21 152 = 135, 
22 153 = 150, 
23 154 = 165, 
2h 206 x/C = i N= .299, Right Wing, Upper 
25 306 Lower 

: 26 225 x/C = .760, N= .ke7, Upper 

1 27. 325 | : Lower 
28 236 x/c = .725, Ne .534 Upper 
29 336 { ; Lower 
30 256 X/C = .70, N= .673 Upper 
31 356 | i Lower 
32 264 X/c = .65, n= .780 Upper 
33 364 { | Lower 
3h 275 x/C = .69, n= .887 Upper 
35 375 |. | Lower 
36 42 x/c = .05, N = .158, Vert. Tail, Left 
37 511 { Right 
38 her N= .316 Left 
39 521 ; Right 
ho 431 7 = .680 Left 
41 531 t: Right 
ho 4h N= .8h0 Left 
43 Shi { Right 
4h 451 N= .925 | Left 
AS 551. Right 
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SERIES NO. 


18 


19 


CHANNEL NO... 


TABLE IV. (CONTINUED) 


TAP NUMBER 


155 
156 
LST 
158 
159 
160 
161 
162 
207 
307 
226 
326 


TAP LOCATION 

Fus. Sta. 1430, 6 = 40, 
= 70, 
= 90, 
= 105 
= 120, 
= 135, 
= 150, 
= 165, 
X/c = .865, n = se 


x/c = . 808, 1 = HOT, 
| 
n= .534 


| | 
x/c = 61715; ys i 


x/c = 7, n= 7 
X/C = .75, n= i 
[ 
x/c = .15, = 158, 
| 
7] = a 
”) Saad — 
n= a ie 
N= .925 
X/c = .15, N= .925, 
Fus. Sta. 1480, ¢ = 0, 
= 70, 
= 9OQ,. 
= 105, 
= 120, 
= 135, 
= 150, 
= 165, 
x/c = 30, nN = .299, 
x/c = .857 n= 427 
x/C =.857, I = 427, 
Lo 


léft Side 


Right Wing, 


Vert. Tail, 


Vert. Tail, 
Left Side 


Right Wing, 


Right Wing, 


Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Left 

Right 
Left 

Right 
Left 

Right 
Left 

Right 
Left 

Right 


Upper 
Lower 
Upper 
Lower 


: wee 9 
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19 Con't. 
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CHANNEL NO. 


TABLE IV. (CONTINUED) 


TAP NUMBER 


236 
336 
258 
358 
266 
366 
423 
513 
123 


TAP LOCATION 
x/c = .85, 


x/C = .30, 


x/c = .30, 
Fus. Sta. 1530, 


x/C = +905» 
x/c = .90, 


x/c = .52, 


X/c = .52, 
Fus. Sta. 1580, 
x/c = .965, 
x/c = .953, 


) = 
y= 


b= 


53H 
673 
180 
1158, 
36, 
60, 
to 


09293 
0929 


$= 135, 


I] = 
1 2s 
N= 
= 
ee 
2 = 
= 


= 
Na 
$= 
N = 
7) = 


) = 


427, 
534, 
881, 
a3 


Right Wing ’ 


Vert. Tail, 


Vert. Tail, 
OMS 


Right Wing, 


Vert. Tail, 


36, 


ss ti 
a 
0925 
6925 


0, 
40, 
299, 


A2T, 


Vert. Tail 3 
Body ee 
Right Wing, 


Hight Wing, 


Upper 
Lower 
Upper 
Lower 
Upper 
Lower 


Upper 
Lower 
Upper 





TABLE IV. (CONTINUED)... .__- 


SERIES NO. CHANNEL NO. TAP NUMBER TAP LOCATION 


21 Con't.. 21 329 X/C = .953 H = .407, Right Wing, Lower 
2 2h0 X/c = .95, n =,534, .. Upper 
23 340 | Lower 
oh 259 n= .673, Upper - 
25 359 | Lower 
26 267 = .780, Upper 
27... 367 ' Tower 
28 415 X/c = .65, = .158, Vert. Tail, Left 
29 515 \ Right 
30 425 n= .316, Left 
32 525 x/c = .65,. | Right 
3 435 n= .680, Left 
$3 535 bs Right 
- 34 ks n= .8h0, Left 
35 545 Right 
=f 36 455 = 925 left 
af 37 599 Right 
22 16 416 X/c = .775; N= .158, Vert Tail, Left 
Li 516 ; Right ———-- 
19 526 | Right b 
20 14.36 n= .680, Left 
21 536 | Right 
22 LUG n= .8ho, Left 
23 S46 : Right 
ah 456 N= .925, Left 
25 556 Right 
23 oe @ a £2063 e Shes . Fuselage base pressure 
17 2 
18 3 
19 ) 
20 5 
21 6 
22 7 
23 8 
al, 9 
25 636 Vertical Tail Base Pressure 
26 732 Fus. Sta. 460, g= 142, Left Side 





ho j 




















| TABLE IV. (CONTINUED) 


SERIES NO. CHANNEL, NQ.. TAP NUMBER TAP LOCATION 








oh 16 108 Fus. Sta. 880, g=0, Right Side 
L7 109 = kO,. 
18 110 = 70, 
19 111 = 90, , 
20 202 X/C = .229, N = .299, Left Wing, Upper 
21 302 [ Lower 
22 211 x/c = .086, N = .36h, Upper 
23 311 | | Lower 
oh 201 x/c = .094, N= .299 Right Wing, Upper 
25 301 ; } Lower 
25 16 116 Fus. Ste. 980, 9 =0, Right Side 
17 117 = ho, | 
° 18 251 x/c = .05, n = .673 Left Wing, Upper 
Pe 19 es / Lower 
= 20 261 yn = .780, Upper 
“Pome 21 361 ( Lower 
{ 22 271 nH = .887 Upper 
| 23 371 | Lower 
eh 203 x/c = .362, N = .299 Right Wing, Upper 
ee ; 25 303 | ; Lower 
{ 26 212 x/c = 246, 9 = .364 Upper 
ee 27 312 | { Lower 
28 221 x/c = .081, H = .4O7 Upper 
29 321 | | Lower 
30 231 X/C = .05, HM 2534 Upper 
32 332 Lower ~ 
7 26 16 118 Fus. Sta. 1080, 6 = 40, Right Side 
= 17 119. = 70, | 
18 120 = 90, 
- 19 125 Fus. Sta. 1180, $= 70, left Side 
: 20 126 = 90, | 
el 222 x/C = .177;.- N= .4O7, Left Wing, Upper 
20 322 | Lower 
23 232 x/c = .15, N= .534, Upper 
oh 332 Lower 
- 25 252 N= or Upper 
ce 26 352 Lower 
a 27 262 7 = .780, Upper 
= 28 362 | Lower 
= 29 272 n = 887, Upper 
> x 30 372 x/c = .15, n = .887, Left Wing, Lower 
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43 
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TABLE IV. (CONTINUED) 






SERIES NO. CHANNEL NO. TAP NUMBER 
27 16 130 
17 131 
18 132 
19 223 x/c 
20 ehh x/ 
21 2 Cc 
22 334 
ki 23 e5h 
: el, 354 
= 25 eTh 
= 26 374 
= 27 20k x/c 
z 28 30h 
= 29 233 x/c 
S 30 333 
all A 32 353 
= 33 263 
=| 35 273 
31 36 373 
Yar 
= 28 16 139 
17 1ho0 
18 1h 
19: 1he 
20 143 
21 147 
22 148 
23 149 
oh 150 
25 151 
206 x/c 
eT 306 
28 225 x/c 
29 325 
30 276 x/c 
31 376 
32 236 x/c 
33 336 
3h 256 x/c 
33 356 
36 205 x/C 
hh 
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TAP LOCATION 


27h, 


40, 


497, 
025, 


Fus. Sta. 1300, 


Fus. Sta. 1375, 


~~ 
~760, 
a” 


E55 


.70, 
] 
.70, 


3 63 3 232 3 8 


So Ss Ss 8S SS 
Hues yo ul u u 


.—’ 


= 70, . 
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ir oe | 


90, 
7“ 


0534 
613 
. 887 
ae 
aN 
a 
- 780, 
881, 
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299, 
+437, 
887, 
534, 
615, 


Fus. Sta. 1245, g = 40, Left Side 


' 


left Wing, 


Right Wing, 


Right Side 


Ieft fide 


Left Wing, 


Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 


Upper 
lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 
Upper 
Lower 


0299, Right Wing, Upper 
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= r TABLE IV. (CONTINUED) : 
SERTES NO, CHANNEL NO. TAP NUMBER TAP LOCATION 


Lower 
't, 30 x/C = 10s h = .299, Right Wing 

ys cecal 3h 22 X/c = .565, N = eT, Upper 
x/C = 255, N= +5» Upper 
41 335 ] = 613s Upper 
i 32 80 Upper 
hh 2 x/c 3 65, y= .f 3 
ks 364 { Lower 
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rw 

5D 

NM Ww 

oy 

aS 


oe 
I 
ie) 
nv) 
wn 
NO 


re ee a ie Li cars 
Was on fl Soe eo 


A iy 
ei) oem eae 
. 







= ight Side 
29 16 155 Fus. Ste. 1430, ¢ = Righ 
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-120, .. 
Ps 21 163 Fus. Sta. 1480, $= 0, left Side 
= 22 164 = 70, 
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iss 26 209 x/c = HPs = 299) Teft Wing, nici 
a 309 
o8 229 x/C = i q = eT Upper 
| ed | a x/c = 950, y = 2534, See 
| 31 340 | e 
33 399 ik Lover 
3. 377 = i Upper 
367 
32 228 x/c = .905, HY = ie » Right Wing, oe 


38 239 x/C = 7 = ie i Upper 
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TABLE IV. (CONTINUED) 


SERIES NO. CHANNEL NO. TAP NUMBER TAP LOCATION 








30 Con't. 23 400 X/C = .076 n-= .079, Vert. Tail, APU Inlet 
31 16 V1. Fus. Sta. 1300, 6 = 90, Left Side 
17 142 = 105, 
18 143 = 120, 
19 Ly = 135, 
20 145 = 150, 
21 146 = 165, 
22 TH g=90, Right side 
23 The = 105, 
ak 743 = 120, 
2) Teh = 135, 
26 ThS = 150, 
: oa ( 746 = 165, 
: 28 haa X/c = .05, N = .158, Vert. Tail, Left 
wane g’ 29 511 { Right 
es 30 her n = .316, Left 
31 521 | Right 
32 431 n = .600, Left 
33° 531 | Right 
le 34 AAT n = .8h0, Left : 
35 Ski | Right 
36 452 nN = .925, Left 
37 551 Right 
32 16 412 X/c = .15 n = .158, Vert. Tail, Left 
17 512 { Right 
18 422 n= .316, Left 
19 522 |. Right 
20 432 n = .600, Left 
el 532 | Right 
22 hho n = .8ho, Left 
23 542 Right 
eh 452 n= .925, Left 
25 552 Right 
26 3 Base Pressures 
27 in . 
28 T 
29 9 
33 16 149 Fus. Sta. 1375, § = 90, left Side 
17 150 — 105, 
18 151 = 120, 
19 152 = 135; | 
20 153 = 150, ; 
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TABLE IV. (CONTINUED) 


TAP NUMBER 


154 
THO 
750 
751 
752 
753 
754 
413 
513 
03 
523 
433 
533 
4h3 
543 
453 
553 
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161 
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75T 
758 
759 
760 
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ik 


514 -- 
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TAP LOCATION 


Fus. Sta. 1375, 6 = 165, 
Fuss Sta. 1375, @ = 90, 
= 105, 
= 120, 
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150, 
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x/c = .30, 
n= +316 
n = .600, 
nN = .8h0, 
n= 925 
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TABLE IV. (CONCLUDED) 


SERTES NO. .. CHANNEL NO, TAP NUMBER TAP LOCATION 











35 - 16 165 Pus. Sta. 1480, f = 90°, Left Side 
17 166 = 105, 
18 167 = 120, 
20 169 = 150, 
21 170 = 165, 
22 765 Fus. Sta. 1480, 6 = 90, Right Side 
23 766 = 105, 
oh 167 = 120, 
2) 768 = 135; 
26 769 = 150, 
2f T{O = 165, 

, 28 415 x/C = .65, nN = .158, Vert. Téil, Left 
=a 29 515 | Right 
= ae 30 has X/C = .65 Hn = .316, Left 
=| a 31 525 | Right 
=" 32 435 7} = .600, Left 
= 33 535 | Right 
= 34 Ys y = .8ho, Left 
a Sey ae GB 545 Right 
E 36 455 N= .925, Left 5 
=3 | 37 599 Right - 
3 36 16 416 X/C = .725, n = .158,. Vert. Tail, Left 
= a 6 516 | | Right 
x 18 426 y= 316, Left 

19 526 Right 

20 436 n = .600, Left 
= 21 536 | Right 
= 22 46 n= .8h0, left 
3 23 S46 | Right 
E eh 4.56 N= .925,- Left 
25 556 Right 
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